Purpose this study was conducted between 2015 and 2017 at the faculty of Veterinary Medicine Cairo University and aimed to histologically compare between the effect of processed and unprocessed bone marrow aspirate on the quantity and quality of the newly formed bone. Material and methods 72 Adult male white New Zealand rabbits were used in this study and were divided equally into 2 groups A and B. Bone defects were created at the medial upper extremity of right and left tibia of all rabbits down to bone using trephine bur measuring 4 mm diameter to 5 mm depth. The bone defects were treated with whole bone marrow loaded on gel foam in group A right tibias and using mononuclear cell layer obtained through centrifuging bone marrow loaded on gel foam in group B right tibias. Bone defects in the left tibias in all rabbits treated with gel foam only. Scarification was done 3,6,12 weeks postoperative. Histological evaluation was done using H and E and Masson's trichrome stain. results the results showed that group A right tibial defects had better healing results than group B right tibial defects all over the follow-up period, but the differences were not statically significant. Conclusion the study findings indicate that the centrifugal concentration techniques provide better therapeutic outcomes over the whole BMA, but it is statistically insignificant.
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ADJ-for Grils, Vol. 6, No. 1 engineering has offered new options for the repair of bony defects. . It depends on the use of mesenchymal stem cells (MSCs), which are multipotent adult stem cells of a mesodermal origin which have excellent renewal ability and osteogenic differentiation capabilities (2, 3) . MSCs can be isolated from all connective tissues; however the bone marrow is the most common source for harvesting stem cells and progenitor cells due to its accessibility for surgeons and the extensive studies that have been done upon it. The iliac crest is documented to be the most common site for obtaining bone marrow via aspiration technique (4) .
The bone marrow aspirate can be used either processed (concentrated) or unprocessed. This processing (concentration) is done by the centrifugation of the aspirate, then harvesting the mononuclear cell (MNC) portion. The aim of this processing is to increase the number of mesenchymal stem cells and progenitor cells which subsequently increase the rate of bone healing (5) (6) . However, there is still wide controversy regards the processing the bone marrow aspirate. Therefore this study was carried out to histologically compare between the use of centrifuged and non-centrifuged bone marrow aspirate on repairing bone defect.
MAtErIAl And MEthodS

Animal preparation:
White male adult New Zealand rabbits weighting from 2.5 to 3 kilograms with an age range from 10 to 15 months were obtained from a local supplier. They were kept in the animal house under the veterinary supervision at animal housing of the Surgery Department, Faculty of Veterinary Medicine, Cairo University.
Premedication and Anesthesia:
All the operation were performed under general anesthesia using intramuscular injection of xylazine hydrochlorid (5mg/kg) followed by ketamine hydrochlorid (35mg/kg) these drugs served as sedative, anaesthetic and muscle relaxant.
Surgical steps
Shaving and disinfection of surgical sites
The skin over proximal part of femur and proximal medial part of both tibias were shaved and scrubbed with povidone iodine to reduce sepsis
Bone marrow aspiration:
Local anesthesia with vasoconstrictor (Mepecaine-LTM) was infiltrated into the periosteum and the local tissues for anesthesia and hemostasis. By using a sterile Rosenthal pediatric needle (18 gauge) applied at the trochanteric fossa 4.5 ml bone marrow was aspirated into a plastic syringe containing 1 ml sodium citrate anticoagulant.
Bone marrow preparation
The bone marrow aspirate was diluted 1:1 with phosphate buffered saline PBS. Then, 9 ml of diluted marrow was layered onto 6 ml lymphocyte separation medium expelled carefully along the wall of conical falcon tube containing Lymphocyte separation medium density 1.077 g/ml, so that the two layers do not mix together. The centrifugation was done at 400 x g (gravitational force) for 15 min (3500 RPM). After centrifugation, the result will be RBCS layer at the bottom of the tube, lymphocyte separation medium layer with plasma/PBS layer on the top of it. The MNCs were harvested from the interface at the top of the lymphocyte separation medium layer.
Bone defects creation and augmentation:
The skin incision 2-3cm in length was performed at the medial upper extremity of both tibias down to bone after injection of local anaesthesia with vasoconstrictor into the periosteum and the local tissues. Using a trephine bur measuring 4 mm the defects were created to 5 mm depth ( Figure 1 ). All the defects in right tibias augmented with MNCs layer which was loaded on gel foam in group A. While those in group B were augmented with noncentrifuged (whole) bone marrow aspirate that was loaded on gel foams. On the other hand, the defects in left tibias in both groups were augmented with Experimental Study of Bone Defect Repair Using Centrifuged and Non-Centrifuged Bone (63) only gel foams. The wound was closed in layers by absorbable suture material.
Post-operative care and follow up:
Antibiotic (Cefteriaxon Sodium 1gm) was given in a dose of 0.1ml /kg body weight per day via I.M. injection for 3 days to avoid postoperative infection.
Sacrifice of animals:
The sacrifices were performed at the 3rd, 6th, and 12th weeks postoperatively. The specimens were harvested including the grafted defect area and about 4 mm of the adjacent normal bone and were placed in 10% Formalin fixative solution for maximum 24 hours.
Histological examination:
The specimens were submitted to histological processing, and they were stained by using H&E and Masson's trichrome stains. To measure the area percent of mature bone trabeculae digital images of Masson's trichrome stained sections were obtained. The area percent of mature bone trabeculae (stained red) was measured by using image J software as it identifies bone trabeculae areas according to their staining and then measures the area occupied by bone with respect to the total defect area examined.
Statistical analysis:
Values were presented as mean and standard deviation values. Data were explored for normality using Kolmogorov-Smirnov test of normality. The One way analysis of variance ANOVA test was used to compare between groups at different times. This was followed by Tukey's post hoc test for pairwise comparison when the difference was found to be significant. The significance level was set at p ≤ 0.05. Statistical analysis was performed with SPSS 25.0 (Statistical Package for Scientific Studies, SPSS, Inc., Chicago, IL, USA) for Windows.
rESultS
Twenty two rabbits died through the study period, and they were replaced by others. All the defects healed without any sign of infection or inflammation, and at the end of the follow up period all the defects were completely filled with bone.
At 3 weeks healing period with H&e stain
The right defects in group A revealed that the centers of defects were filled with granulation tissue (Figure2 A) . At the periphery, newly formed bony spicules interconnected together. While in group B, the right tibial defects had their centers filled with cartilaginous tissue (Figure2 B) . While, the left defects showed that the center of the defects were filled with granulation tissues and traces of cartilage. While their peripheries showed newly formed very thin and immature bony spicules.
with Masson's trichrome stain
In group A the bone trabeculae in the right tibia stained red with few amount of collagen that make negligible blue rim around osteocytes. While in the left defects both granulation tissue and cartilaginous area exhibit bluish stain. The newly formed bony spicules stained red beside traces of collagen that exhibit blue stain. In group B, the right tibial defect center filled with cartilage area which stained blue, and the periphery have newly formed bony spicules enclosing marrow spaces stained red with traces of collagen that stained blue 
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At 6& 12 weeks healing period with H&e stain
The group A right defects showed formation of bone trabeculae with normal appearance and arrangement of osteocyte lacunae. However in group B, the right defects had osteocyte lacunae with a relatively normal arrangement and some lacunae were empty (devoid of osteocytes nuclei. The left defects showed formation of osteocyte lacunae that had abnormal arrangement, and the most of the lacunae were devoid of osteocyte nuclei, and the present nuclei (if present) had abnormal eccentric appearance.
with Masson's trichrome stain
The group A right defects bone trabeculae stained red with few amount of collagen that only form negligible blue rim around lacunae. In group B, the right defects bone trabeculae stained red with areas of collagen that acquire blue stain and form thicker blue rims around the lacunae. While the left defects bone trabeculae stained red with large areas of collagen which stained blue and form thicker blue rims around the lacunae. Using independent t test in comparing between both groups A and group B right defects at 3, 6, and 12 weeks healing period, revealed that the mean % area of mature bone difference was statistically insignificant (Table 1) 
dISCuSSIon
The autologous bone grafting is the gold standard for the treatment of bone defects. However, due to its limitations alternative treatment strategies are required. Although allograft bone grafts and xenograft bone grafts overcome the disadvantages of autogenous bone grafts, they also have drawbacks such as the strong possibility of rejection reactions and the potential spreading of diseases. (7) With the development of tissue engineering, the field of the bone regeneration and repair is revolutionized. This alternative technique provides the benefits of bone grafting with lower complication rates, morbidity, and improved results (8, 9) .
The results of this study revealed that all the defects which were managed by using bone marrow aspirate (the right tibial defects in both groups) showed better bone healing process all over the follow-up period as compared with the bone healing in the left tibial defects which were treated without loading of the bone marrow aspirate. This is explained by increased number of MSCs which was obtained through adding of the bone marrow aspirate into the defects, where the bone marrow is considered as an excellent source for MSCs (10) (11) (12) .
Also bone was formed at the peripheries of the defects before their centers in both right and left defects in the 2 groups. This revealed that MSCs residing close to the bone surface show stronger osteogenic potential in comparison to that of cells located in the central region of the bone defects. This was also found by some authors (13) .
At 6th and 12th weeks, the right defects in both groups had normal osteocyte appearance and arrangement. While in the left defects, the osteocytes had abnormal arrangement, and the most of them were devoid of nuclei. The mean value of percent area of the mature bone was also significantly higher in the right defects as compared with that of the left defects. This could be due to the presence of normal osteocytes that had normal nuclei in the right defects, so they were able to form bone better than those of left defects. This indicates that the adding of bone marrow aspirate to the defects enhance and improve the process of bone healing (14) This study had limitations such as the lack of histological examination of the early periods of the bone repair, and the study did not count the MSCs after processing of BMA. However, it has strong points such as adult rabbits were used as experimental animals thus, their skeletons are mature so they have no great healing capacity compared to those in younger ages. So, that the results of this study depend on the use of the BMA more than the healing capacity of the animals. Additionally, it has the preferred comparative design of the studies.
ConCluSIon
In conclusion, the study findings indicate that the use of autologous BMA opens the door to a very exciting and promising field. The centrifugal concentration techniques provide better regenerative therapeutic outcomes over the whole BMA, but it is statistically insignificant.
rECoMMEndAtIon
It is recommended to do other studies that compare different protocols of BMA processing and investigate other details such as the number and concentration of cells and the concentration of the other biological factors that include growth factors and bone morphogenic proteins.
rEFErEnCES
